Rhodes Scholarship in 1914. Owing to the war he delayed his term at Oxford and entered medical studies at the College of Physicians and Surgeons in New York. But he was accepted at Merton College and enrolled in the School of Physiology early in 1915.
He was assigned rooms in stairway six of the Mob Quadrangle at Merton, that most ancient part of the College built in the late thirteenth century. (William Harvey, when he was Warden of the College in 1645, had worked in rooms almost next door.)
During 1914-16 at Oxford Wilder Penfield came under the inspiring influence of two great teachers, Sherrington and Osier. Sherrington's course in mam malian physiology gave a thorough grounding in experimental animal techniques. And two years later, in 1919, when he returned to Oxford, Penfield carried out detailed studies with Cuthbert Bazett on the Sherrington decerebrate animal in the acute and chronic condition. They reported their results in 1922 in Brain. His early interest in neurocytology was indicated by two reports on the changes in the Golgi apparatus of the neuron after axonal section which he also completed in Sherrington's laboratory with the help of H. M. Carleton. As a student of Sherrington (Penfield wrote many years later): 'I looked through his eyes and came to realize that here in the nervous system was a great unexplored fieldthe undiscovered country in which the mystery of the mind of man might someday be explained. ' The second long-lasting influence on Penfield when he was at Oxford began from his contact with Sir William Osier, then Regius Professor of Medicine. Penfield had suffered a knee injury while on the S.S.
, crossing from England to France in order to work in a Red Cross hospital during the spring of 1916. When the ship was torpedoed, many of the passengers were killed or seriously injured. Penfield, thrown high in the air, was certain that he would fall into the sea. But then he told himself: 'This cannot be the end. My work in the world has only just begun.' He landed on the wreckage, helped with the rescue of other injured passengers and was picked up from the floating hulk to be taken to a military hospital in Dover. When he was transferred to Oxford he stayed with the Osiers for several weeks. He was indelibly impressed by what he later described as 'the greatness of this seemingly simple man, this bad boy, this brilliant talker and host, this physician, teacher, speaker and writer, and friend of the young'. Throughout his life Penfield remained a staunch and admiring Oslerian. He enjoyed writing and lecturing about him. At McGill he always took a keen interest in the affairs of the Osier Library becoming a member of the Board of Curators and Honorary Osier Librarian.
The war indemnity which came to him some years later for his damaged knee was applied to the purchase of a farm property 90 miles east of Montreal on the shore of Lake Memphremagog, where he and Mrs Penfield played host and hostess to many friends over the years.
After obtaining his B.A. in physiology from Oxford in 1916, he returned to the Johns Hopkins Medical School to finish his medical course in the spring of 1918. In the meantime, on 6 June 1917, he had married Helen Katherine Kermott, a charming young teacher who was the daughter of a physician, Dr Edward Kermott from Hudson, Wisconsin, and his wife, the former Mary McCorkle of Southampton, Long Island.
During 1918-19, Penfield was surgical interne at the Peter Bent Brigham Hospital at Boston. Harvey Cushing, having returned from his war service to his post as the hospital's chief surgeon, was in the process of proving that brain surgery could be done with a respectably low death rate. Penfield observed Cushing during this year though he did not work directly with him. He came back later for other visits after he had more firmly fixed his eye on neurosurgery.
With his young family he then returned to Oxford on a Beit Fellowship and on to the National Hospital at Queen Square. Here he came under the tutelage of Gordon Holmes in clinical neurology, J. Godwin Greenfield in neuro pathology and Percy Sargent who was the first neurosurgeon with whom he worked directly.
T he N ew Y ork period
In the spring of 1921, the Penfields came back to New York. Over the next seven years, he worked in the surgical department headed by Dr Allen Whipple at the Presbyterian Hospital and College of Physicians and Surgeons of Colum bia University. Medicine and surgery had just been reorganized here on what was known as the full-time basis, supported by the Rockefeller Foundation and the General Education Board. Whipple was developing into one of the leaders of American surgery and showed a benevolent concern for Penfield's work, turning over to him the responsibility for developing the neurosurgical service. The arrangement called for hospital work for nine months, one month for vacation, one for travel and one to concentrate on a scientific project. Except for his brief encounter with Sargent, up until then Penfield did not have access to the systematic instruction in neurosurgery which was developed later with residency programs. When he wished to use the new procedure of ventriculography that had been developed by Walter Dandy at Johns Hopkins, he went off to see Dandy himself carry out the procedure. He made similar visits to the clinics of Frazier at Philadelphia and of Cushing at Harvard.
These were despairing times for neurosurgery, with high postoperative mortality rates. His first two patients died: one with a brain abscess and the second from a malignant brain tumour. Small wonder that he took seriously an invitation from Lewis Weed to go to Johns Hopkins to head up neurology. But he was already committed to surgery and decided to remain in New York though he felt put aside during the plans for expansion of the New York Neuro logical Institute, under the direction of Frederick Tilney, the neurologist, and Charles Elsberg, the neurosurgeon.
In 1924, on the suggestion of William Clarke, the surgical pathologist, Penfield began to study the process of healing of experimental wounds in the brain. Disappointed at his histological techniques, he recalled that Sherrington had advised him to try the methods of Ramon y Cajal, which he had already used to study the Golgi apparatus. With the approval and support of Whipple he took off with his wife and children to Madrid. From March until September he worked with Pio del Rio-Hortega, Cajal's brilliant pupil. Despite the estrangement between the maestro and his pupil, Penfield managed to acquire a good deal from each, becoming expert in the metallic impregnation methods for displaying neuroglia.
As Penfield wrote later, 'With the anatomical skills I had learned in Madrid, I could now make my own fundamental scientific approach to problems in neurosurgery. And I longed to apply it to the whole field of clinical neurology.' Before returning to New York he visited Professor Rene Leriche at Lyon to study his techniques of surgery of the sympathetic nervous system. He reported on these and on the application of sympathectomy for the treatment of angina pectoris.
On his return to New York he immediately established a laboratory of neuro cytology to put his new experience to use. He was joined by a young research fellow, William Vernon Cone, from Iowa. They soon became partners in this early laboratory venture and remained so until Cone's death in 1959. They were marvellously complementary in their personalities and talents. In the New York laboratory, supported by the Rockefeller family, the work picked up momentum and studies appeared on the formation of cicatrix in the brain, the reactions of the neuroglia and microglia and the encapsulated tumours of the nervous system. These activities were interrupted on 1 June 1927 by a visit to New York by the Professor of Surgery at McGill University, Dr Edward Archibald. A highly respected teacher, he was a pioneer in thoracic surgery and, up until that time, has also been doing the neurosurgery in Montreal. He invited Penfield to come to McGill to specialize in this new field.
M ontreal and M cG ill
So Wilder Penfield and William Cone decided to transfer the neurocytology laboratory to the Royal Victoria Hospital in 1928 and to take over the neuro surgical work there. Once the negotiations were completed, Penfield acquired a Rockefeller Fellowship and support from McGill to spend six months with Professor Otfrid Foerster in Breslau. Foerster was a prominent figure in European neurology, editor with Bumke of the encyclopaedic Handbook of neurology, and already widely known as a consultant (when Lenin had a stroke in 1924 he had been selected from all Europe to go to Lenin's bedside).
This was an important formative period. Foerster had collected a series of 12 cases on whom he had operated for post-traumatic epilepsy. Using the Spanish methods, Penfield now examined the surgical specimens of brain scars to gain some understanding of the cause of focal seizures. He also learned Foerster's method of operating under local anaesthesia, using electrical stimu lation to identify the sensory and motor cortex to guide the surgical excision. Penfield then paid another visit during this trip to Professor Leriche and also to the research institute of Oskar and Cecile Vogt. (Strangely enough it was Vogt who had been asked by the Russian government after Lenin's death to make an intensive study of his brain.) Penfield had by now decided to edit an extensive review by as many authorities as possible on the cytology and cellular pathology of the nervous system.
Supported by Dr Edward Archibald, Dr Jonathan Meakins, the Professor of Medicine and Dean Charles Martin, Penfield and Cone joined with Colin Russel, a neurologist who had worked with Sir Victor Horsley at Queen Square, to form a combined Department of Neurology and Neurosurgery at McGill University. This was the prelude to the establishment of the Montreal Neuro logical Institute. This had been for many years a dream of Penfield by which he aimed to bring the basic sciences, neuropathology and neurophysiology, in close apposition to clinical neurology and neurosurgery. The discussions leading up to the support of the Institute by the Rockefeller Foundations were prolonged and, at times, unpredictable. Before the final decision was made, there had been serious considerations that Penfield and the Institute might be attracted to the University of Pennsylvania in Philadelphia. But the support of the City of Montreal and of private donors was consolidated and the Institute with 50 beds and well planned research laboratories was opened in 1934. It became a model for other institutes throughout the world. Here, for 25 years, Wilder Penfield directed the scientific and surgical teams towards the solution of many unanswered questions about the brain. He had a continuing stream of energetic 'Fellows' and Associates who came to study and then returned to their own countries to establish neurosurgical or neurological units. In some countries such as China, Norway, and India, M.N.I. trainees set up the first such units. Many graduates spread across Canada and a far greater number returned to the United States to take up prestigious posts in this expanding new specialty. Increasingly significant contributions were made to neurology, the central theme being the study of the mechanism and surgical treatment of focal epilepsy. One of Penfield's great attributes was his ability to attract and work with a team of experts. After Herbert Jasper in 1938 joined him in Montreal, they were able to apply the new technique of electroencephalography which became of such critical importance in the diagnosis and localization of the epileptic focus.
The military annexe which had continued to serve its 'temporary' war-time purpose so well for almost a decade was torn down in 1952 to expand the Institute. In 1954, the Institute's resources were more than doubled with the McConnell Wing, named after the benefactor who had generously supported Dr Penfield's work. The hospital beds were increased from 50 to 135, new clinical and research facilities provided and the scientific endowment doubled. Alan Gregg, who had been involved in the formation of the original Institute, was also present 20 years later for this celebration. He considered that the grant made by the Rockefeller Foundation to found the Montreal Neurological Institute was 'ideal in purpose, in performance and in national and international influences'. Radiology of the nervous system was developed by Arthur Childe and after him by Donald McRae. Cone pursued the develop ment of neuropathology. After World War II, K. A. C. Elliott, a Cambridge graduate, started the first neurochemistry laboratory.
As a student working with Sherrington, Penfield would have been aware of the studies on cortical localization in the primate brain that Sherrington and his associates (including briefly Harvey Cushing) had made at Liverpool and at Oxford. Their findings supplemented the original observations on the excita bility of the cortex by Fritsch and Hitzig and the more detailed results of Ferrier in the primate brain. Later, in Breslau, Penfield observed how Foerster had taken advantage of this method of gentle electrical stimulation of the cortex in his epileptic patients while they were under local anaesthesia during the excision of epileptogenic scar tissue. When he returned in 1928 from his period of study with Foerster, Penfield adopted this method. The purpose was twofold. The stimulation made it possible to locate exactly the position of the sensori-motor cortex or of the cortex subserving speech so that these vital areas could be spared during the surgical excision. In some instances the stimulation might activate the more excitable epileptogenic cortex and reproduce a portion of the patient's habitual seizure pattern, thus identifying to the surgeon the site of the physiologically deranged epileptic focus. Penfield made a detailed drawing of the stimulation points as they were marked on the surface of the brain by sterile numbered tickets, and dictated at once to a secretary the patient's responses and his own observations. By an ingenious overhead mirror, the mapped points, the pathological changes in the brain as well as the exact extent of the surgical excision were recorded photographically at natural size. These records, methodi cally kept, served as the source material of observations from which he repeatedly formed important conclusions regarding cortical localization of various brain functions.
A valuable addition to the operating room technique was made when Herbert Jasper joined Penfield in 1938. They applied for the first time the method of direct electrical recording from the surface of the brain during operation, known as electrocorticography.
Epilepsy became Penfield's great teacher. With his associates, he produced a series of monographs on brain surgery for epilepsy. The initial one with Erickson in 1941 brought together much of the early information on their surgical experi ence in this special field. Studies appeared on seizure patterns with Kristiansen in 1950 and on cortical mapping with Rasmussen in 1951. A major statement of the earlier summaries with new contributions to human neurophysiology was made with Jasper in 1954. These were in addition to the numerous scientific papers and articles that came out each year with his associates at the Montreal Neurological Institute. It became known as one of the most active world centres for the scientific study and treatment of the immense problem of epilepsy.
Of these periodic reviews and findings, one of the most significant was his Ferrier lecture on the cerebral cortex of man to the Royal Society, in 1946. In this, after outlining the role of the early experimental studies of Ferrier, he paid tribute to Hughlings Jackson, whose ideas on cortical localization and the differ ent levels of representation in the nervous system formed major guidelines for Penfield's own view on the functional anatomy of the brain. He acknowledged also his former teacher Gordon Holmes who had dealt with the organization of the visual cortex in man in the Ferrier lecture a year earlier. He referred as well to his unique observations in a series of 190 craniotomies where stimulation of the cortex of the temporal lobe has produced hallucinations and delusions simulating the 'dreamy-state' described by Jackson. While he indicated their relation to the temporal cortex and memory, it was not until later that he was able to interpret the significance of these findings in relation to other structures of the temporal lobe such as the amygdala and hippocampus.
T emporal lobe epilepsy
As early as 1938, Penfield had noted that stimulation of certain parts of the temporal cortex in patients had occasionally excited the vivid recall of previous experiences. He had also become interested in what he termed psychical seizures which he reported later in 1946. Although the electroencephalographic localiza tion of these attacks was at first not clear, Jasper and Kershman working with Penfield in Montreal had evidence that they were related to frontotemporal epileptic discharge. Other reports in those years related to mapping of the sensori-motor cortex with Boldrey, the analysis with Rasmussen of disturb ances of speech from cortical stimulation and important new observations on the supplementary motor cortex in monkey and man with Welch.
Beginning in 1950 it became evident that epileptic seizures initiated from the temporal lobe merited special attention. The report of another surgical series operated upon by Percival Bailey in Chicago supported this viewpoint. Over the next 10 years, this problem quickly overshadowed the general subject of post-traumatic epilepsy that had engaged the interest of Penfield and his associates up to that time. The pathogenesis of the damage to the temporal lobe by injury at birth, the surgical technique of subtotal temporal lobectomy, the significance of automatism and the identification of the electrographic changes in the mesial and anterior temporal regions were topics that were elucidated at the Institute at Montreal. It became evident that almost half of the patients afflicted with epilepsy had seizures that could be shown to originate in one or the other temporal lobe.
In addition to the practical benefit which surgical excision could provide in selected patients where such seizures had been intractable to medication, Penfield's approach with his scientific and clinical team to temporal lobe epilepsy led to exciting new observations in regard to the hippocampus and memory function, the localization of the cortex subserving speech, the fascinating distribution in the temporal occipital cortex of points from which experiential responses (flashback or recall of events) could be obtained, and the role of the amygdala in automatism and amnesia.
M emory
Penfield and Mullan, in 1959, made an analysis of the illusions of comparative interpretation evoked by cortical stimulation. These came mainly from the temporal cortex of the non-dominant hemisphere. They represented illusions of familiarity or of fear. Penfield was thus led to describe these areas as the in terpretive cortex.
The orderly distribution of points along the first temporal convolution in both hemispheres from which electrical stimulation during operation elicited complex auditory experiences was reported by Penfield and Perot in 1963. The responses produced by electrical stimulation at operation were immediately recognized by the patient. They were often brought back by this artificial means in a more vivid way than if the patient had voluntarily recalled the events. Complex visual disturbances were also excited by electrical stimulation, and these tended to be more commonly produced from the non-dominant hemisphere.
These flashbacks or memory responses excited extraordinary interest because they suggested that many experiences during our lives are stored in the neural substrate of the brain. Penfield argued that for each of us there is an ongoing record of the stream of consciousness from birth to death. It was as though there was a continuous tape recorder taking down whatever came into the brain to which we attended. He concluded that under normal circumstances these areas of cortex must make some functional contribution to reflex comparison of the present with related past experience.
In 1951, Penfield with Milner, who had been examining in great psychological detail patients before and after temporal excision, became aware that removal of one hippocampus on the medial aspect of the temporal lobe resulted in persistent memory disorder in two patients who had unsuspected damage to the hippo campus of the opposite side. These patients showed no loss of intelligence or of previously acquired knowledge and skill. They could attend normally to on going events. Yet they had a devastating disability in that they were unable to add new information to their long-term memory store. There was some degree of retrograde amnesia for months or even years before the operation. This startling finding had theoretical implications, and an important practical bearing on surgical technique, so that hippocampal excision in certain patients would be limited to avoid the risk of memory impairment. It also strengthened the hy pothesis of the centrencephalic system, since it seemed arguable that each hippocampus must be subserved by a common central neuronal system in respect to long-term storage and retrieval of memory stores. The presence of bilateral hippocampal damage in the first patient so observed was confirmed many years later in a pathological report with Mathieson.
Another aspect of memory that developed from this work was the recognition that stimulation of the amygdala could reproduce the curiously detached be haviour pattern called automatism, often associated with temporal lobe seizures. This also seemed to be dependent on the strong subcortical and midline con nections of the amygdala. During these episodes the patient was no longer able to record external events and would have amnesia for what he might do in terms of patterned activity. Thus, in the tape recorder analogy, the recorder was not functioning during this time. There was access to some previous experience because some patients during these brief periods could perform fairly elaborate but habitual acts. It was as though there existed temporarily, with the focal seizures, a mind-memory paralysis.
These rich contributions to our understanding of memory, of illusory ex periences, and of certain emotional responses such as fear, serve as a remarkable framework upon which neurophysiological studies of human behaviour can be continued. They provide also the substrate for the more complex mechanisms that would appear to be responsible for consciousness and conscious behaviour.
Language
The localization of the areas of cortex which on electrical stimulation caused distortion or disturbance of speech function was defined in many hundreds of patients. This was done because of the need for precise mapping of this region to avoid any damage to it during surgical excision of epileptogenic tissue. The results of these mappings were brought together by Penfield in association with Robb, Rasmussen and particularly in the monograph with Roberts that ap peared in 1959. This unique source of observations, even though they are limited to relatively brief cortical stimulation responses, formed a basic contribution to insights into the mechanism of speech. He recognized that the region of cortex that related to speech in the dominant hemisphere (which he called committed cortex) corresponded to a homologous region in the minor hemisphere that seemed uncommitted. The findings of Milner on his patients indicated, how ever, that the cortex in the minor hemisphere had also important functions particularly in relation to spatial or sequential perception. It was the region from which he had obtained in many patients visual or auditory responses by stimulation at operation.
The unusual nature of this information lies in the fact that it was obtained in conscious patients, mapping precisely the areas from which electrical stimu lation altered speech, testing, and assessing after operation the effect of excision near the speech cortex. As with the observations on memory, the changes in speech by stimulation at operation recall Sherrington's whimsical comment to Penfield when he heard of these operating room procedures. 'It must be great fun', he said, 'to have the "physiological preparation" speak to you. ' Penfield transferred some of these observations to his interpretations of the importance of learning a second language early in childhood. This in turn he applied to a particular situation in Canada where two founding people using different languages lived side by side. His admonitions were widely accepted, though in his own view not widely enough or quickly enough, by educational authorities. They also permeated teaching in psychology and served as an important factual basis in some of the later discussions of the separable functions of the two cerebral hemispheres.
N eurocytology
Penfield's first studies in this area were on the Golgi apparatus of the nerve cells carried out in Sherrington's laboratory at Oxford. In New York, the lack of adequate histological techniques to examine the healing of brain wounds led to the excursion to Spain to work with Hortega. Stemming from this was a whole series of papers on the neuroglia with William Cone. They defined the nature of the neuroglia, astrocytes, oligodendroglia and the reactive microglia in the central nervous system. They reported on the changes in these cells brought on in acute brain injury and in the chronic cerebral scar.
This work had direct implications in regard to important clinical problems. First, it allowed Penfield to examine the brain scars that had been removed surgically by Foerster from war-wounded patients who had epilepsy. He con cluded that the dense glial scar, containing abnormal blood vessels and partially destroyed neurons associated with wandering of the ventricle towards the cicatrix, represented a neurovascular complex that was typical of an epileptic focus. This concept served as a working basis for the excision of brain scars in patients with focal post-traumatic seizures and stimulated work on the vascular structures of the meninges and the brain in relation to seizures.
Secondly, the findings on the neuroglia enabled Penfield and Cone to add considerably to the histological basis for the classification by Bailey and Cushing in 1926 of the glial tumours of the brain. They emphasized the practical appli cation of this in the British Medical Journal in 1931. Based on the presence of a predominant cell type in any particular tumour it was a workable classification except for the rather large number of gliomas that contained a mixture of the cell types. Later evidence showed that the natural history of the gliomas was not always related to the predominant cell type. It was true that medulloblas tomas were rapid in growth and appeared in the cerebellar vermis of young children while, on the other hand, oligodendrogliomas grew over many years and remained more local and often calcified in the cerebral hemisphere. But gradually the grading of gliomas under less restricted cell types, as proposed by Kernohan of the Mayo Clinic and others, became adopted. The fact remains that our understanding of the cellular dynamics of gliomas even now is still inadequate to interpret some of the histological observations made years ago by Penfield and Cone.
Thirdly, when the brain was healing from a wound, Penfield discovered that the cellular reactivity and vascular overgrowth were not very different from tissue healing elsewhere in the body; hence he realized the necessity for meticu lous surgical excision of the offending brain scar or other brain lesions in order to avoid as much as possible post-operative scarring. He repeatedly emphasized the need for gentle manipulation of brain tissue during surgery and what he referred to as subpial resection so that there was minimal disturbance of the delicate pia-arachnoidal layer at the margin of the excision. He continuously sought improvements in surgical techniques to reduce the risks of neurological deficit or infection in his patients. For this reason he and Cone developed what at the time were considered elaborate surgical methods of skin preparation, scrub-up of the surgeon's hands, the wearing of hoods and double layer masking and an operating room ritual that would have overtaxed the patience of most other surgeons. But the low operative mortality and morbidity, the unusually low incidence of post-operative infection and the continuing success in treating epilepsy in patients followed up over many years have vindicated this approach. Indeed, in more recent years, many of these techniques have been adopted in other surgical specialities, such as orthopaedics and cardiovascular work, because of their proven efficacy.
Cerebral circulation
In 1930, while operating on epileptic patients, Penfield had noted unusual changes in the circulation on the surface of the brain. Stimulated by the possi bility that an intracerebral vascular reflex might play a role in the underlying mechanism of post-traumatic epilepsy, he examined the cerebral blood vessels in the pia and superficial layers of the cortex by Cajal's reduced silver method. In cat and monkey specimens, he showed clearly that there were nerve fibres on the small arteries not only in the cortex but in the basal ganglia (1932) .
Chorobski and he, working closely with Stanley Cobb and his group at Har vard, studied the cerebral vasodilator nerves and their pathway from the medulla oblongata. These were found to run in the greater superficial petrosal nerve onto the internal carotid artery intracranially. An important observation, not yet clarified, was that when the greater superficial petrosal and the sympathetic nerves were removed, there was still a rich innervation on the pial and intra cerebral vessels in the monkey. Some of this, he suggested with Chorobski, was due to scattered ganglion cells along the arteries.
Strengthened by these anatomical findings, he emphasized the peculiar vasoconstrictor activity of the pial arteries noted during operation on patients with focal seizures. During surgery he also described for the first time the post-ictal reactive hyperaemia that occurred locally or generally.
These observations together with studies by McNaughton on the innervation of intracranial vessels and dura were important contributions to the annual symposium of the Association for Research in Nervous and Mental Disease that was held in December 1937 in New York under the Presidency of Wilder Penfield. The resulting volume, The circulation of the brain and spinal remains one of the classical source books on this subject.
In the laboratory and operating room, thermocouple recording techniques demonstrated the rapid and impressive increase in cerebral blood flow during focal seizures. This was correlated with the post-ictal hyperaemia. In 1969, he summarized his views of the role of the circulatory changes in epilepsy. His earlier work with Chorobski was confirmed by demonstration of cholinergic perivascular nerves in the brain. He felt that there was an unknown factor relating to the control of the cerebral circulation, which had a significant part in the epileptic phenomena. Many of the recent findings with modern tech niques have extended his earlier observations.
In one attempt to apply these experimental findings, he carried out bilateral denervation of the carotid artery in the neck as a means of stabilizing the possible over-reactivity of cerebral blood vessels in patients with seizures. Although one patient had an inexplicable success with arrest of attacks, the overall results were unsatisfactory and the method was discontinued.
T he frontal lobe
Penfield had approached an understanding of the frontal lobes with his study of patients examined psychologically by Donald Hebb in 1938. This showed conclusively that none of the frontal lobe signs need result from large removals of that frontal area providing that the tissue left behind was in good shape. This disturbed the accepted view held then that the frontal lobes were the distinctive features of man's brain. Everyone else studying cases of damage to the frontal area reported failures in intelligence test performance and some of the so-called frontal lobe signs. Hebb showed that the acceptable intelligence tests were perfectly performed by patients even after frontal excision. His findings at first were received with a frank scepticism.
The corollary to this, the demonstration that a small area of epileptogenic activity could have such widespread deleterious effects on brain function, was an important contribution to knowledge by Penfield. This activation effect by an epileptogenic focus, now well recognized in the development of mirror foci and the kindling effect, gave origin to the comment that 'no brain is better than bad brain.'
N eurochemistry
In reviewing one of the Penfield contributions in this area, Allan Elliott, first neurochemist at the Institute in Montreal noted: 'Wilder Penfield was not himself versed in brain chemistry, yet he had a major influence on the extra ordinarily rapid development of this subject in recent years. He had intuition that this field had to be nurtured and joined with other basic sciences to lead to advances in the promotion of health and the treatment of disease.' According to Elliott, Penfield invented the term 'neurochemistry' and applied it to the research laboratories at the Institute and to Elliott's own position which were among the first to be endowed for this special purpose. He stimulated Elliott by inviting him into the operating room during the surgical procedures on epileptic patients. Penfield himself had always thought that there was some specific agent which he referred to as 'X-substance' that might trigger off the epileptogenic activity. Elliott relates that the influence of Penfield had been felt in many ways in his personal work and in his organization and encouragement of others.
T he centrencephalic system
The notion of a subcortical region accessible from both hemispheres of the brain was proposed by Penfield as an attempt to understand the mechanism of consciousness, its sudden impairment during epileptic seizures (especially, as in petit mal, with little in the way of motor or sensory manifestations) and in connection also with the cortical activation of memory storage, the obliteration of memory input with bilateral hippocampal damage, and the failure temporarily of experiential input during automatism induced by amygdala stimulation. Herbert Jasper has referred to this concept as 'one of Penfield's most stimulating legacies to neurology and the neurological sciences'. An excellent appraisal of Penfield's theory by Jasper may be quoted in part: 'The centrencephalic system served as a framework on which was woven Penfield's continued search for the highest level of neuronal integration, in the sense of Herbert Spencer and Hughlings Jackson, the search for brain mechanisms underlying conscious perceptual awareness and purposeful behaviour.'
Penfield coined the word 'centrencepahlic' in 1950, but in 1946, he had already suggested that Hughlings Jackson's 'highest level' should be sought 'not in the new brain but in the old', meaning the diencephalon as opposed to the cerebral cortex. Jasper continued: 'Drawing upon neuropathologic knowledge and neurosurgical experience, especially his well-documented studies of the effects of electrical stimulation and excision of the cerebral cortex in conscious epileptic patients, Penfield concluded 40 years ago that "all regions of the brain may well be involved in normal conscious processes, but the indispensable substratum of consciousness lies outside the cerebral cortex". He agreed with Hughlings Jackson that sensory and motor cortical areas were at the middle, not the highest level of neuronal integration and he drew upon studies by Hess on diencephalic centres for sleep and waking. This work preceded the work of Moruzzi and Magoun and others on the ascending reticular activating system of the brain stem and was done before evidence was to be had from electro encephalography. . . . 'Penfield defined the centrencephalic system simply as "that central system within the brain stem which has been, or may be in the future, demonstrated as responsible for integration of the function of the two hemispheres". The prin cipal sensory and motor pathways and sensory and motor cortical areas are excluded by definition, but Penfield never thought that the centrencephalic system could be limited to brain stem and thalamic reticular systems. ' The concept of the centrencephalic system was soon criticized and at con siderable lengths, in 1957, by Sir Francis Walshe. Penfield replied: 'We are not discussing a new or separate block of brain. There is no centrencephalon as distinct to diencephalon . . . to suppose that centrencephalic integration is possible without utilization of the cortex would be to return to the thinking of Descartes and to enthrone again a spiritual homunculus in some area such as the pineal gland. It would be equally absurd to consider that the reticular formation is functionally separate from cortex. . . . Consciousness exists only in association with the passage of impulses through ever changing circuits of the brain stem and cortex. One cannot say that consciousness is here or there. But certainly without centrencephalic integration it is nonexistent.'
This complex issue still demands resolution. Sperry's work on patients with the cerebral hemispheres surgically separated serves to indicate that conscious awareness is not centred in the mesencephalon, cerebellum or lower structures. But Sperry (1975) notes that attention mechanisms as well as the sleep-wake cycle and associated arousal mechanisms also retain strong bilateral unity after hemispheral separation, presumably centred in mid-brain structures.
But the controversy continues, especially with regard to the relative im portance of cortical versus subcortical mechanisms in the origin and elaboration of petit mal and grand mal seizures. 'Penfield's lifelong search', Jasper concluded, 'for a better understanding of the functional organization of the brain and its disorders during epileptic seizures is symbolized in a way by his hypothesis of the central integrating system. It is never to be localized in any specific area of gray matter but in "wider ranging mechanisms" . It is a sort of conceptual bridge he has built between the brain and the mind. He concluded that we shall probably never be able to cross that bridge. Perhaps he is right, but many have been inspired by his efforts.' Early in the war, Penfield identified the means by which the Institute or neurologists and neurosurgery generally could support the wartime effort. He enumerated the practical problems which demanded attention from research and clinical teams. A careful report from a trip to Great Britain in 1942 outlined the most urgent aspects of wartime neurology. Penfield was appointed Chairman of the Committee on Surgery of the Canadian National Research Council. One of his first tasks was to write a small but clear army manual of neurosurgery which was widely circulated throughout the Canadian Army Medical Corps. Important wartime projects on peripheral nerve and brain injuries, cerebral oedema, pilot blackout, sulphonamides, and the search for drugs to control sea sickness, were pursued at the Institute. The squash court on the top two floors, where laboratory space had not been completed because of shortage of funds for the original building, was now dedicated to a giant wooden swing to study sea sickness in naval personnel. Penfield also convinced the Canadian Government to put up a military annexe to deal with the service patients from overseas so that the Institute became a Canadian referral centre for the services.
In 1943, he outlined the need for a special hospital in time of war to deal with neurological problems. He was a member of a British-American-Canadian surgical mission to the U.S.S.R. upon which he reported extensively to the National Research Council of Canada. He stressed the importance of exchange of medical and scientific information after this visit and on an extension of his trip to Free China.
At the end of the war he held the rank of Lieutenant-Colonel in the Royal Canadian Army Medical Corps and in due course he received distinctions from the United States and from France.
For the first two years of the war he was President of the Royal College of Physicians and Surgeons of Canada. He was largely responsible for ensuring that the use of the French language would be more widely acceptable so that French-speaking physicians and surgeons would feel more at home in the deliberations and meetings of the College.
In order to keep up the momentum gained from war research, he used his influence with that of others to convince the Canadian Government that a separate Research Council should be established for medicine which up until then had been under the wing of the National Research Council.
He and Mrs Penfield had become Canadian citizens in 1934. He was loyally devoted to Canada. But at the same time he was impatient of those who took too parochial a viewpoint of language and culture. When he and Mrs Penfield returned from a visit to the Chinese mainland in 1962, he emphasized the great need for cooperation and communication with the Chinese people. In the diplomatic context of that time, his statements were not always popular. But in retrospect he was evidently ahead of his time. Since then Britain, Canada and eventually the United States have set up diplomatic or trade relations with China.
Throughout his career, Penfield was diligent in contributing biographical notes on his teachers and colleagues. Among his heroes, Osier, Sherrington and Hippocrates, to judge by the frequency with which he wrote of them, were to him the most inspiring.
Beyond his scientific papers he wrote much on general topics. He repeatedly stressed the important relationship of the state and medicine, and of the need for unshackled state support for universities. He was deeply interested in educational matters and particularly in the training of neurologists, neuro surgeons and scientists in the study of the nervous system.
Second career
Just before he reached the age of 70, Wilder Penfield gave up his surgical activities to devote himself to what he was fond of referring to as a second career. He wished to write, lecture and to do some travelling with Mrs Penfield. Many of his general papers were republished in two books of essays that ap peared under the titles The second career (1967) and Second thoughts: science, the arts and the spirit (1970) . In addition, he took on a number of tasks in education, such as the appointment to the Board of Governors of McGill University. In 1965 he became the first President of the Vanier Institute of the Family which had been established under the sponsorship of his Excellency, the Governor-General Georges Vanier, and Madame Vanier with government recognition. The purpose of this project was to study and promote the important role of the family unit in modern society and to encourage its significant influence by a public organization. Characteristically, once he accepted the charge, he took this commitment most seriously. He travelled across Canada seeking support for the Institute, developing the argument for this in lectures and writings which he put together in a book called Man and his family. He retired from this work only after sufficient endowment funds had been garnered and a permanent directorate established to ensure that this Institute could continue.
Another project he set for himself was a biography of Dr Alan Gregg, the officer of the Rockefeller Foundation, who had been so deeply concerned with the building and endowment of the Montreal Neurological Institute. He received for this project a Guggenheim Fellowship. It was his most satisfactory nonscientific book. Entitled The difficult art of , it analysed in a fascinating way the philosophy that affected the distribution of funds from this Foundation and explained in some detail the negotiations which led to the founding of the Institute. One reviewer commented of this book: 'He wrote with unusual pene tration, sympathy and understanding. Because Gregg was himself a gifted writer, Penfield allowed him to speak as often as practicable in his own words.' He described Alan Gregg during his career of giving, how he chose his methods, how completely he threw himself into his work as any good investigator and administrator must. The book also covered an infrequently documented inter face, where foundations and universities carried on negotiations at formal levels, while the real decisions were strongly affected by informal and personal relations among a few individuals.
Penfield had made his first venture into historical writing in 1935 because his mother, not long before she died, turned over to him her unfinished manu script of a novel about Abraham and Sarah in the Old Testament. He attempted to rewrite this work but put away the manuscript thinking never to touch it again. Then during a wartime visit to the Middle East he arranged an exciting excursion to the site of Ur of the Chaldees. Intrigued by the setting he took up the task again, drawing up a new plot for the novel in the burning heat of Baghdad. He noted later that only two obstacles lay in his way to complete the book. First, he did not know how to write a novel, and secondly, he had no time to write it! Six years later he had completed another version which he described frankly as a failure. It was not until the summer of 1949 that he revisited Ur and stimulated once more by the atmosphere of the place, he began to rewrite the story, supported by searches in libraries and museums. He finally published this in 1954 as No other gods. His perseverance at this task, in fulfilment of his mother's wishes, was all the more remarkable in that he produced it during one of the busiest phases of his career. During this same time he had been working on the detailed review with Herbert Jasper of their extensive work about the mechanism and surgical treatment of seizures they had carried out at the Institute. Published in 1954 as Epilepsy and the functional anatomy of the human brain this remains his most substantial scientific work. He was also at the peak of his surgical activity in the field of temporal lobe epilepsy. During these same years he and his staff were heavily involved in the planning and construction of the major extension, the McConnell Wing.
T he torch
After his first novel was completed Penfield took up an interest that he had long held in Hippocrates because of his fascination with the understanding that had been brought to epilepsy through the Hippocratic writings. From these studies he put together a romantic story of the life of Hippocrates, The , which appeared in 1960. This is a remarkable, and even unique, historical novel. It is distinguished by the empathy that Penfield felt for Hippocrates. He seems to have come to regard Hippocrates as his alter e g o , and well he might because all historical Hippocrates justifies his title as the 'Father of Medicine', and also that he first formulated the ethical practice of medicine as enshrined in the Hippocratic oath. Not only was Penfield enraptured by the pioneer thinking of Hippocrates on such subjects as epilepsy and the brain-mind problem, but he also delighted in the athletic prowess of Hippocrates, a champion wrestler in his youth. Penfield himself excelled during his Princeton career in wrestling as well as in football.
With his characteristic thoroughness Penfield had mastered the considerable literature of that classical period on the islands of Cos and Cnidos, and of the Aesculapian schools throughout the Grecian world. He and his wife twice visited those islands so as to be steeped in the atmosphere of the Aegean. Moreover, he was an excellent story teller and had an enthralling plot. So much of Penfield the great neuroscientist and humanist shines through this book that it should be prescribed reading for all medical students. It would give them an idyllic weekend and a much needed experience of the ideals of medical practice in an age so rich in science and technology and so impoverished in the human aspects of medical treatment.
Two quotations may be given because they so illuminate Penfield. Hippo crates is asked by his bride, Daphne, to tell her what happiness is. He replies that it is not a body of delight even of her or of food or wine: 'These things are pleasures and I would not like to be without them. They may contribute to happiness and yet they are quite different from it. I would not be happy even with you, lovely as you are, if I were not also content, content that I could take care of you and practice the art of medicine and strive for the truth that lies beyond. Contentment is a prerequisite to it, while happiness is a recurring sense of exhilaration, something added to life as it is lived. It is an awareness, a reward perhaps, that comes to man who is working towards God's purposes established for him in nature.' A little later at the wedding ceremonies the famous Cnidian physician, Euryphon, the father of Daphne, gave a lighted torch to Hippocrates saying, 'You, Hippocrates, are not like other men, content to teach the learning of the past. You have dreamed of a science of nature and life.
You have set a new goal before physicians. Do not be discouraged that the light of our knowledge is so feeble, the darkness of the unknown so vast. Keep this torch lit. Hand it on, a torch for all time. ' One can remember with envy and gratitude the great company who were fortunate to receive the torch from Penfield's hands.
Penfield as a person
Penfield was above all a family man. From the time of their marriage, he and Helen Penfield were inseparable companions. They worked and travelled together and were continually entertaining staff members and visitors as well as Fellows of the Institute. He was a warm and loving husband and father. To many he was an unforgettable friend and teacher and to thousands of his patients a skilful, compassionate surgeon. For medical scientists who followed his work over the years, he was a keen, diligent observer and a provocative thinker. When he wrote on medical history, biography or wider educational matters, he displayed a refreshing and dedicated enthusiasm.
For the closely knit family of two sons and two daughters, the farm on Lake Memphremagog, 90 miles east of Montreal, served as a focal centre and summer colony. There he shed the scientific and financial concerns of the Institute and Hospital to become a sporty sailor and an amateur farmer. High on the hill overlooking the lake, he had a small milk-house that was converted into a study. During the summer holidays, he would retreat there to work on his papers and books while the family was busy elsewhere. In his later years, he fulfilled a whim when he had constructed the copy of a Greek temple or tholos with a row of white columns leading up to it on the brow of the hill.
At Christmas he and Mrs Penfield took up a custom to which they had been introduced in New York. A group of friends and family would read through Charles Dickens's Christmas carol. He assigned parts to be read to the various guests, always keeping for himself the role of Scrooge: the transformation from miser to generous giver in the course of the story being interrupted by a festive supper with mulled wine for all! He was a large man but even in his later years moved quickly and with firm steps. He did things with great gusto whether it was surgery, skiing or sailing his dinghy, the Astroycte. His outstanding traits were his physical and mental stamina, his perseverance and his inspirational quality. His natural charm and ready smile could disarm his most severe critic or induce even the most un willing staff member or Fellow to take on a task in administration or research. His approach to people and problems was always simple and direct. His first question, on striking up a conversation, was often quite searching. He was a great friend of the young, especially medical students, and seemed always to find some time, however brief, to meet visitors and others who sought his advice and counsel. As one of his associates expressed it: 'There was a warmth, yet with controlled severity, an expectation of excellence and a benign dominance that keyed one up and also made one feel part of a whole vital enterprise.'
He had the knack of using his time effectively-while the surgical resident was beginning the case in the operating room, he would get on with some writing or administrative chores. But it was also true that the patient's needs took precedence over everything. Although there was no doubt that he found great satisfaction in his scientific work, he was clearly at heart a surgeon. He insisted on decorum and discipline in treating patients and particularly when working in the operating theatre. He did not always brook criticism too well, though it often stimulated him to marshall his argument more forcefully. This was exemplified in his exchanges with Francis Walshe over the centrencephalic system or on the training of neurosurgeons, the letters on this latter topic being reprinted in his autobiography.
Wilder Penfield thoroughly enjoyed his friends and his professional asso ciates. His office at the Institute and his study at home had the walls covered with framed pictures of his teachers and associates, with Sherrington, Osier, Hortega, Cajal and Archibald occupying special places.
He lived simply. He was urged many times, for example, by his friends and family to take on a chauffeur. But the only time he agreed to this was in the last year of his life when he had to come in daily for radiation treatment and was too ill to handle a car by himself.
He wrote his medical and scientific reports as well as his many essays in a simple and clear style. He practised and taught that experimental and clinical observations should be put down as accurately as possible and kept separate from the discussion and interpretation. The former, he would say, will remain. The latter may well dissolve with new advances and understanding made by yourself or more often by others.
When he retired from the directorship of the Institute, in 1960, turning over the reins to Theodore Rasmussen, he enjoyed his writing office on the sixth floor where he worked regularly. Though he never interfered with the policy-making of the Institute, he was always available for advice. Often, in the course of hard negotiations for research funds or support from governments, he was pleased to provide backing that often tipped the scales in the right direction. He was determined and single minded in his ambition for the Institute which one of his associates delighted him by describing as 'this continuing fabulous enterprise'.
'No man alone' After the biography of Alan Gregg was published in 1967 Theodore Ras mussen encouraged Wilder Penfield to record the history of the founding of the Institute. Soon there were manuscript chapters being circulated to family and staff, and these were edited and rewritten, sent back and forth to the publisher until the final draft was completed only three weeks before he died, in April 1976. Despite his severe illness during the preceding year, relating to a sarcoma in the abdominal wall, he had worked intensely through the last winter of his life devoting every hour that he could to the project, even while in hospital recovering from surgery. Published posthumously, No man , a neuro surgeon's life gives an engaging and inspiring account of Wilder Penfield's life up to the time of 1934 of the opening of the that under his leadership became the outstanding neurological institute of the world.
It is the story of how, after inauspicious beginnings, his indomitable spirit won through to a triumph which all must acclaim. It is a remarkable docu mentary in all its detail because it is built upon the weekly letters to his mother, which she treasured and filed. The richness of the material provided makes the writing of a biography almost an operation of ruthless selection so that we can present a clear image of this many-faceted genius.
It is generally recognized that the life of a surgeon is distinguished by dram atic episodes of heroic operations. In No man alone Penfield gives a detailed account of two operations during his first year at Montreal in which there is an amazing candour in his vivid writing. One has the feeling of being actually present at the operations.
In one he operated on his sister for a malignant brain tumour that was already far advanced. There is stark drama in the preoperative decisions and in the terribly hazardous operation. Fortunately the outcome gave over two more years of happy life for his sister with her young family despite the loss of most of her left frontal lobe.
The other operation was on a young man, William Ottmann, with a long record of severe epileptic seizures, each beginning with aphasia. His mother, Madeleine Ottmann, had given generous financial support to Penfield in his early years at Montreal, and she completely trusted him for the treatment of her only son. Penfield tells of the operation in the presence of three famous consultants specially summoned for the occasion. The presumed epileptic focus did not appear abnormal and in any case it intruded into the speech area, so excision was impossible. Electrical stimulation brought on a typical seizure with the strange aftermath of pallid areas of the cortex which indicated a vaso motor spasm some distance from the site of stimulation. Penfield and the consultants decided that the vasomotor changes were the probable cause of the epileptic fits, which was in accord with a theory of epilepsy that he favoured, as also did the consultant from Munich. There is much drama in the consultations and in Penfield's decision to excise a length of a large abnormal artery that supplied the area of pale cortex, despite the risk that the speech area could be permanently damaged. As expected, aphasia was the immediate result of the operation, but to his great relief it cleared up in an hour or two, only to be followed the next day by aphasia of neuroparalytic oedema. Penfield now could reassure the patient and family that this would clear in a few days, so all was well. The patient was much improved, having only three more seizures in the next 16 years, when he unfortunately died from a coronary infarct. This chapter of No man alone entitled 'Epilepsy-can science find a cure ?* is written with his stark honesty and with his wonderful dramatic style.
Although in his surgery Penfield had to make radical cerebral excisions in order to remove tumours or the scarred regions of epileptic foci, he had very strong feelings when confronted by operative procedures that needlessly damaged the brain. For example, he condemned the blind cutting of the brain carried out in prefrontal leucotomy, and suggested that the proper treatment should be limited frontal gyrectomies during open craniotomy in order to develop a rational basis for treatment of certain intractable disorders in psy chiatry. He was also outraged by the techniques of chronic implantation of a massive series of electrodes in deep areas of the human brain in order to provide electrical recordings for some scientific project that had little or no relationship to the treatment of the patient. This writer has seen him standing with a tense pallid face outside the conference room, literally sickened by the accounts so callously delivered, as was the writer himself. Having read No man alone, that same writer now recognizes that he (W. P.) was suffering a tense inner battle to hold down an angry intervention!
T he mind-brain problem and the human person
His autobiographical project was interrupted for a year or more when he became intrigued in bringing together his views on the problem of brain and mind. This led to the Mystery of the mind, published in 1975. Derived from direct observations on the human brain in conscious patients, his presentation added significantly to the earlier studies of physiologists who argued from experimental animal findings or to those of neurologists, psychologists and psychiatrists, whose views were related to interpretation of the external motor and emotional behaviour of patients with brain disorders. Whatever qualifica tions the reader might have in accepting Penfield's final proposition that there is something which characterizes mind as distinct from physical brain, this summary of his research indicates how fundamental his findings are to our present understanding of memory, learning, language and behaviour. This book was enlivened by discussions from a philosopher, a neurologist and a neuro surgeon who had been invited by Penfield to review the questions brought up in his manuscript. In many ways it represented for Penfield a final statement on his own work. In it he brought together his views on cerebral localization and his reinterpretation of the significance of the centrencephalic system. While his philosophical interpretations of the observations could well be challenged, it is evident that any serious approach to the analysis of the brain-mind question must inevitably take into account Penfield's body of contributions on what he referred to as the mind and the highest brain-mechanism.
His unrivalled experience with the brains of conscious human subjects make his thoughts of particular importance: 'We are beginning to understand some thing about the acquired mechanisms of speech and perception, the develop ment of physical skills, memory, and other acquired talents. But the mind is not explained. It seems to be a phenomenon of another order. Somehow it is capable of reason, discretion, initiative, creative thought, considered judgement. Somehow, too, the mind can exert control over attention. Those things that are ignored leave no trace in the brain. The things that come within the searchlight of attention, and thus enter the stream of consciousness, leave engrams behind' (Penfield 1970) . He recounts how the cumulative evidence led him to the conclusion that our being consists of two fundamental elements: 'Because it seems to me certain that it will always be quite impossible to explain the mind on the basis of neuronal action within the brain, and because it seems to me that the mind develops and matures independently throughout an individual's life as though it were a continuing element, and because a computer (which the brain is) must be programmed and operated by an agency capable of independent understanding, I am forced to choose the proposition that our being is to be explained on the basis of two fundamental elements': 'In the dualisistic al ternative, the mind must be viewed as a basic element in itself. One might, then, call it a medium, an essence, a soma. That is to say, it has a continuing existence. On this basis, one must assume that although the mind is silent when it no longer has its special connection to the brain, it exists in the silent intervals and takes over control when the highest brain-mechanism does go into action' (Penfield 1975) .
In this philosophical book, he presents many fundamental observations in support of dualism and the continual interaction between brain and m ind:
1. The stream of consciousness requires attention in order to be stored in memory and in order to be recalled voluntarily by the subject.
2. Stimulation of the motor cortex of a conscious subject evokes a muscle movement, but the patient invariably differentiates it from a voluntarily evoked movement saying, 'I didn't do that. You did.' 3. Stimulation of the interpretative cortex may evoke in the patient a stream of consciousness from some past experience, but he recognizes that it was evoked by the operator.
4. 'There is no place in the cerebral cortex where electrical stimulation will cause a patient to believe or to decide.' For example, stimulation of the speech area makes the patient temporarily aphasic, but does not give any cognitive experience.
5. Similarly the onset of an epileptic seizure is never accompanied by some cognitive experience, though just as with electrical stimulation there can be conscious experiences, such as flashes of light, paraesthesiae or sounds.
Penfield concludes: '. . . that there is no valid evidence that either epileptic discharge or electrical stimulation can activate the mind.' Unfortunately he adheres to the monistic belief that mind is some other energy process of an as yet unidentified nature, and that the interaction of brain and mind is dependent on the flow of this energy. This position contrasts with the dualism proposed by Sherrington, namely that 'no attributes of "energy" seem findable in the process of mind'. In the strong dualist-interactionism proposed by Popper and Eccles, the conscious experiences of World 2 are sharply distinguished from the matter-energy of World 1. They postulate that interaction across the frontier between Worlds 1 and 2 is effected by the flow of information not of energy. Despite this introduction of some hypothetical energy process, Penfield recognizes that mind and brain are of a quite different order, developing the attractive analogy that the mind relates to the brain as a programmer to a computer.
It is a well established observation that unconsciousness results when there is inactivation of a rather large and ill defined zone of the diencephalon, the thala mic nuclei and adjacent structures. 'Such inactivation may be brought about by pressure, trauma, haemorrhage, and local epileptic discharge; it occurs normally in sleep.' Penfield was led to the postulate that this central diencephalic region of the brain (the centrencephalic system) is concerned in giving conscious experiences to the subject, in fact that it is the 'seat of consciousness'.
It was an attractive hypothesis because it gave a simple explanation of the unity of conscious experience. However, as pointed out by Sperry in 1974, the centrencephalic theory is brought into serious question by the finding that, after section of the corpus callosum, self-consciousness is derived only from the neuronal activities of the dominant hemisphere. The postulated centrencephalic area and its connection to the cerebral hemispheres are not affected by the commissurotomy operation. It is a necessary but it is not a sufficient condition for consciousness. In his later writings on the centrencephalic area Penfield never insisted on its exact anatomical identification, and recognized that activity in the cerebral cortex could participate in giving conscious experi ences to the subject.
His use of the concept 'stream of consciousness' was very attractive. 'The stream of consciousness must flow. A melody must advance to be a melody. Consciousness is like that. Corresponding with this flow, there is neuronal action in a special mechanism of the brain.'
Penfield was always aware of the mystery of human existence and that belief guided the deep humanity that distinguished his treatment of patients. He had a delightful way of conveying his thoughts on the mystery of human existence.
Consider a little girl-I shall call her Mary. Each of you has watched a child in sleep. Call to her. You see her stir, open her eyes, look about. Then she looks at you, and smiles. You have wakened the brain, switching on her wide awake mechanism. Her mind has come back. But the mind did not go anywhere. It was not, I suppose, floating in the room; nor was it perched on the roof. As far as anyone can tell, it has no shape, no weight. It occupies no space. But now Mary s mind is active again. It is making contact with the environment of Mary's body and doing it through Mary's brain. The mind has continuity now with Mary s past through the various memory mechanisms in Mary's brain. The mind has established contact with you through Mary's smile. The impact of the smile is real but cannot be expressed in the language of a physicist. Here, we have before us the mystery: Mary's mind is Mary-the-person. ' He concludes that remarkable lecture (Penfield 1970) by a message which incorporates his most deeply felt beliefs on life and its meaning: 'The common man, and that includes us all, can only adopt what he considers a reasonable faith by which to live and die. Biological evolution has come to an end for man. He can control it. The spirit of men has established a vast body of thought. Men must now learn to control social and intellectual and moral evolution. Understanding the ultimate nature of the spirit is a problem man must ponder.
The physical basis of the mind is the brain action in each individual; it accom panies the activity of his spirit, but the spirit is free; it is capable of some degree of initiative. The spirit of each individual grows, evolves, develops from baby hood on through life. It looks out through a man's eyes and listens through his ears and speaks with his mouth. The spirit is the man one knows. He must have continuity through periods of sleep and coma. I assume, then, that this spirit must live on somehow after death. I cannot doubt that many make contact with God and have guidance from a greater spirit. But these are personal beliefs that every man must adopt for himself. If he had only a brain and not a mind, this difficult decision would not be his.'
Epilogue
Just before Wilder Penfield died in 1976, he had become aware, with con siderable satisfaction, that the construction on a large expansion of the Institute was about to be launched. It was supported by generous donors from across Canada, by the Governments of Quebec and Canada, the latter recognizing it as a project of national significance. Fittingly called the Penfield Pavilion, this working memorial will allow his teachings and that of his associates to be en hanced, and with his writings will ensure that his legacy will continue to influ ence the world of neurology for years to come.
His lifelong commitment is shown by the phrase he chose for a plaque outside the door of the Montreal Neurological Institute: 'Dedicated to relief of sickness and pain and to the study of neurology.' If one were to choose a single feature that most distinguished his career, it would be hard to select from a number of his outstanding achievements. But that which has influenced neurology most substantially was his founding of the Montreal Neurological Institute and Hospital, with the assurance of continuity by endowment, the enhancement of the intellectual life of the staff by a fortunate setting within a great University and next to a famous hospital (the Royal Victoria), the continual comings and goings of bright young men and women, and, most of all, the sharp focus of scientific projects by the compelling demand of patients with brain disorders. Its organization and function provide in a sense a living example of integrative action (that expression which Sherrington applied so aptly to the working of the nervous system). The Institute from the beginning was international in its scope and influence. Students who had worked with him and with his asso ciates were dispersed throughout the world, spreading the techniques of the 'Neuro' to many countries. And whenever they gather at national or inter national meetings the Fellows keep alive the spirit of Penfield and the M.N.I.
Beyond all the scientific contributions, we recognize the concern that Wilder Penfield had for what he referred to as the ultimate problem of neurology-'To understand man himself and to analyse the means by which man, the creator of science, has done what he had done. ' In his last years Wilder Penfield's interest in the nervous system was unflagging. His writing went on unabated and he continued to stimulate and inspire those around him. He never lost sight of the fact that the brain and the nervous system represented to him the greatest and most important unexplored field in the whole of science. 'What we learn in this field of neurology', he wrote, 'is more important to man and more vast than outer space. The secrets of the brain and mind are hidden still. The interrelationship of brain and mind is perhaps something toward which scientists and doctors will always struggle. ' We can recognize that Penfield had to strive to the uttermost in order to excel in his chosen life as a neuroscientist. Although he and Cone and their associates made significant advances in clinical neurosurgery, it has to be appreciated that he was no narrow specialist in this field. Some of his earliest reports were pioneering efforts in neurocytology though he then also contributed to neurophysiology and neuroanatomy. He was one of the first neuroscientists to recognize the great future of neurochemistry. Later he made fundamental contributions to neurology, neuropsychology and neurolinguistics. And in his second career he had many substantial contributions to public affairs, and developed a philosophy of the brain-mind problem that followed on from his great master, Sherrington. His books in the field of the humanities included the splendid biography of Alan Gregg, the two historical novels, the statement of his personal philosophy and his partial autobiography. Withal, his greatness was manifested in his personal relations to others, in his family life and in his superb humanity and simplicity. We may well ask: When will his kind come again ?
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